Context: Herbal remedies are used to treat a large variety of diseases, including blood-related disorders. However, a number of herbal preparations have been reported to cause variations in clotting time, this is mainly by disruption of the coagulation cascade.
Introduction
dressing to staunch blood flow. The efficacy and safety of herbal preparations are not always clearly defined though, and the use of these may cause increased perioperative bleeding risk due to disrupted coagulation (Beckert et al., 2007) .
Whether or not these preparations have direct effects on the coagulation system or cause disruption due to drug interactions is not always known (Beckert et al., 2007) .
Plants studied for effects on coagulation in vitro and/or in vivo, as well as possible bioactive constituents, are listed in Table 1 .
Various models exist to screen for activity, though popular experiments include effects on prothrombin time (PT), activated partial thromboplastin time (aPTT) and thrombin time (TT) both in vitro and ex vivo, while bleeding time and protection against thromboembolism-induced death are monitored in vivo. Since in vitro activity does not always translate to in vivo activity, continued research in this area is of essence.
Although the majority of plants decrease platelet activation and aggregation it should be kept in mind that many factors are at play. Microtubule stabilization from taxanes (Kim & Yun-Choi, 2010 ) and increased membrane fluidity from garlicsaponins (Su et al., 1996; Liao & Li, 1997 ) maintains a disaggregated platelet form.
Harmane-and harmine-induced reduction of tyrosine phosphorylation limits calcium mobilization and arachidonic acid liberation, which decreases platelet aggregation (Im et al, 2009) . The coagulation cascade is attenuated by various phytochemicals such as polyphenols, sulfated polysaccharides, lapachol, allicin and thiosulphates through inhibition or decreased activity of tissue factor (Lee et al., 2003 , 2004 ), thrombin (Medeiros et al., 2008 Zhang et al., 2008) , vitamin K-epoxide reductase (Preusch & Smalley, 1990) , plasminogen activator, phospholipase, thromboxane A 2 , lipoxygenase (Srivastava, 1986; Beckert et al., 2007) , thiol enzymes (coenzyme A and 3-hydroxy-3-methylglutaryl coenzyme A reductase) (Liao & Li, 1997) and other clotting factors, as well as potentiation of heparin co-factor II (Medeiros et al., 2008; Mao et al., 2009 ) and increased fibrinolysis. Coumarin compounds have the ability to affect coagulation through scavenging of reactive oxygen species, inhibiting cyclic nucleotide phosphodiesterases, inhibiting the activity of vitamin K-dependent γ-carboxylase (activation of coagulation factors) and prostaglandin synthesis (Hoult & Paya, 1996; Coppinger et al., 2004) . Increased coagulation could be explained through synthesis of protein networks and increased erythrocyte aggregation, such as with Ankaferd Blood Stopper ® (Goker et al., 2008) , or activation of several clotting factors or platelets due to glycoconjugates (Pawlaczyk et al., 2010) .
Adverse effects after herbal usage
Four plants have mainly been implicated in spontaneous or perioperative bleeding, which has been attributed to a drug-herb interaction (Table 2) . Such interactions are especially of importance when used together with warfarin which has a narrow therapeutic window (Lee et al., 2004; Beckert et al., 2007; Jurgens & Whelan, 2009 ).
St. John's Wort has been found to increase the metabolism of warfarin in humans and animals thereby decreasing its efficacy (Roby et al., 2000) . Catechins ( There is however reports describing the effect of herbals on coagulation and platelet function indicating that herbal preparations show significant disruption of the coagulation cascade. As the safety of many herbals has not been proven, nor their effect on blood parameters determined, the use of herbal preparations before undergoing any surgical procedure should rather be ceased.
Patients on anticoagulant therapy should be warned against the concurrent use of herbals, and have their INR checked within a week of starting herbal remedy use.
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